Abstract: Web usability measures the ease of use of a website. This study attempts to find the effect of three factors -font size, italics, and colour count -on web usability. The study was performed using a set of tasks and developing a survey questionnaire. We performed the study using a set of human subjects, selected from the undergraduate students taking courses in psychology. The data computed from the tasks and survey questionnaire were statistically analysed to find if there was any effect of font size, italics, and colour count on the three web usability dimensions. We found that for the student population considered, there was no significant effect of font size on usability. However, the manipulation of italics and colour count did influence some aspects of usability. The subjects performed better for pages with no italics and high italics compared to moderate italics. The subjects rated the pages that contained only one colour higher than the web pages with four or six colours. This research will help web developers better understand the effect of font size, italics, and colour count on web usability in general, and for young adults, in particular.
Introduction
With the advances in management information systems and enterprise resource planning, the necessary information about a product is just a click away. This is not restricted to just the consumer products but also extends to educational information, health care, and other industries. In today's e-commerce world, consumers are the end users. These end users are not limited to any particular region or ethnicity but are a part of the internet world, which has more than 1.5 billion users worldwide (Internet World Stats, 2009) . A statistic conducted by European Interactive Advertising Association shows that 45% of internet users in Europe go online everyday and spend 11 hours 20 minutes a week on an average. Furthermore, about 78% of those users shop online (BizReport, 2007) . Since the consumer base over the internet is vast, the web has become an important medium to serve the customers. This, in turn, has made the design of websites and web interfaces a very important and integral part of contemporary commerce.
The presence of a corporation on the web is the first point of contact for many consumers with the corporation. In recent times, just having a web presence is not enough; the customers expect the web page to be easy to use, attractive, and informative. This has obviously created an added pressure on the web developers to quickly create web pages and maintain them to display the most current information. The increased pressure to develop content for web pages, with the increase in the need of web pages, has resulted in many web designers creating the web pages without considering the strengths and limitations of human information processing. The necessity to design an easy to use web page, which allows a user to process the information effectively, is often ignored. There have been many studies to examine the usability of a web page (Boyarski, et al., 1998; Ivory and Hearst, 2002; Palmer, 2000; Resnick and Fares, 2004) . These studies have identified many factors such as font type, colour, style, and font size that affect the usability of a page. The current study attempts to extend the existing work within an educational setting by examining the role of font size, font style, and colour count on the usability of a page using a human study.
What is usability and why is it important?
The initial web pages were created using the basic markup language HTML. Those pages were fairly simple to create. As the web grew, the pages grew complex in design; both in terms of creation as well as use. These developments led to the demand for research in user-centred design. In another development, the business world started changing from technical to consumer-oriented design in the last century, with more emphasis on ergonomics to make complex interfaces simple for an average user. The professionals realised that customers, consumers, or users have to be positioned at the centre of the business model. A model or a system which is not user-friendly is unlikely to survive in the long run. Thus, usability of a system is about solving the question: How do you help your users succeed within the context of achieving your own business or organisation goals (Brinck et al., 2001) ? Usability basically refers to how easy it is for users to learn a system, how efficiently they can use it once they have learned it, and how pleasant it is to use (Honold, 2000) .
The International Standards Organization (ISO) defines usability as the extent to which a product can be used by specified users to achieve specified goals in a specified context of use with effectiveness, efficiency, and satisfaction (Barnum and Dragga, 2001; ISO, 1999) . Barnum and Dragga (2001) noted that usability is not quality assurance, zero defects, or utility of design features. These terms reflect the issues related to the product itself and not the interaction of a person with the product. The key to website usability is to ensure that the site is both useful and usable for its intended audience (Murray and Costanzo, 1999) . Hammond et al. (1987) have discussed making user interfaces more usable using research studies in the area of human factors and cognitive psychology. Usability is a combination of factors that affect the user's experience with the product or system, including ease of learning, efficiency of use, memorability (Nielsen, 1993) , the frequency and severity of errors, and subjective satisfaction.
The discussion of what constitutes a 'usable' web interface is ongoing. However, there is general agreement that a usable web interface is one that is accessible, appealing, consistent, clear, simple, navigable, and forgiving of user mistakes. Brinck et al. (2001) have shown that people cannot find the information they seek on websites about 60% of the time. This leads to wasted time, reduced productivity, increased frustration, and loss of repeat visits and money. High usability is the key factor in achieving maximum return on information technology investment by a corporation (Brinck et al., 2001 ).
Dimensions of usability
Usability dimensions are an important component of the usability evaluation for an object. The ISO Standard 9241 suggests using effectiveness, efficiency, and satisfaction measures for this purpose (ISO, 1999) . Effectiveness is the accuracy and completeness with which users achieve specific goals. It is determined by looking at whether the user's goals were successful and whether the work is correct. Efficiency is a user's ability to quickly achieve tasks with ease and without frustration. It can be determined by looking at the total time the user takes to complete a task. Satisfaction is how much the user enjoys using the website. It can typically be determined by looking at the user satisfaction survey. Other dimensions of usability mentioned by researchers include error tolerance, ease of learning, flexibility, and memorability. Designing a website incorporating all the factors that affect its usability is complex because of the sheer number of those factors.
But studying the effects of some of the more important factors provides guidance to designing web pages with greater usability. The specific objectives of this study are to determine the effect of font size, italics, and the number of colours for body text (colour count) on web page usability. In order to achieve these goals, we designed nine content web pages with different values of font size, italics, and colour count, and measured their usability using a human study. We tested the effect of these factors on the three classes of Bloom's Taxonomy (Anderson and Sosniak, 1994) for learning: knowledge, comprehension, and analysis for young adults. This provides greater granularity in understanding web usability. Our results show that for content pages, many of these factors do not play a significant role in usability for young adults.
In addition to contributing to the body of research in web usability, the research results can be used to determine an automated index for web usability. This index can be used to estimate the usability of web pages and can be further integrated with a search engine to obtain web pages with higher usability.
The remainder of this paper is organised as follows: In Section 2, we describe the background literature on web usability, effects of font size, italics, and colour count. Section 2 also provides details of Bloom's Taxonomy to characterise learning activities and the Webby awards criteria to evaluate usability. The research design and procedure to carry out the human experiment are discussed in Section 3. In Section 4, we present the analysis and results of the study. Finally, we summarise our research and present directions for future research in Section 5.
Related work
In this section, we present the related literature relevant to this study. We first discuss web usability and its importance. We then present related work in usability methods and relevant literature in web. We briefly discuss the judging criteria for the Webby Awards, which are widely used to estimate 'goodness' of web. Finally, we summarise Bloom's Taxonomy.
Web usability
Usability is the key to making systems easy to learn and easy to use (Nielsen, 1994 (Nielsen, , 1994a . In the context of web usage, usability includes the consistency and ease with which a user can manipulate and navigate a website. It also includes the clarity of interaction, ease of reading, and arrangement of information on the web page as well as the download speed. Usability analysis can be used to improve the design of user interfaces by evaluating the organisation, presentation, and interactivity of the interface (Schneiderman, 2000) . Earlier Human Computer Interaction (HCI) research suggests that usability is associated with reduction in the number of errors, enhanced accuracy, a more positive attitude of the user towards the target system, and increased usage of the system by the user (Lecerof and Paterno, 1998; Nielsen, 1996 Nielsen, , 1999 .
HCI principles apply equally well to the design of both the graphical user interfaces (GUIs) and the web interfaces. However, there are significant differences between GUI and web interface. The web interface has to deal with many unique features, including compatibility with device and browser diversity, user-initiated and controlled navigation, and low cost of switching between sites. The unique features include multiple points of page entry into a site, ease of being distracted with the enormity of information available, and the easy ability to personalise what visitors want to see (Badre, 2002) .
Designing usable websites requires more attention to context than designing usable GUIs. User interaction with the web also takes on added importance because of the ease with which users can turn off one site and move on to another. In addition to supporting simple interaction, the web designers must also make sure that the user feels comfortable in the interaction (Badre, 2003) .
In order to develop web pages with acceptable usability, it is vital for developers and designers to understand the factors that determine how people operate and make use of computer technology effectively. They should then translate this understanding into a system that will enable the users to achieve efficient, effective, and safe interaction with the web interface. In short, usability is a key to evaluate the success of an organisation's web presence (Agarwal and Venkatesh, 2002) .
Web usability became a particular focus of the HCI community during the late 1990s (Nielsen, 1999) . This interest was elevated by the fact that web developers were poorly designing the corporate websites. Poor websites with unclear navigation and obscure site structure result in lower customer satisfaction and hence, become an important issue in e-commerce (Barnum and Dragga, 2001 ). According to some estimates, for every dollar spent on usability, the organisation will realise a benefit of between $10 and $100 (Donahue et al., 1999) .
Usability methods
Usability of websites has been measured by two methods: a inspection methods b user test methods.
Both the methods have their own advantages and disadvantages. An effective usability process should ideally combine both the inspection and user testing methods (Kantner and Rosenbaum, 1997; Rosenbaum, 2000) . We will briefly describe the two methods below.
• Inspection methods: The inspection methods, such as heuristic evaluation, cognitive walkthrough, pluralistic usability walk-through, and collaborative usability inspection, help in detecting the usability problems. The developers or usability experts frequently employ these methods. The role of the end user in these methods is limited to inspection techniques. In heuristic evaluation, the goal is to find usability problems early in the design so that improvements can be made as a part of the iterative design process (Nielsen and Phillips, 1993) . The evaluation is conducted using a small set (one to three) of independent evaluators. In cognitive walkthrough, designers or other experts complete a set of tasks (similar to a formal usability test) using the website instead of using real users. Observers monitor the process and note any problem areas or concerns (Karat et al., 1992) . Other inspection techniques include pluralistic usability walk-through (Bias, 1994) and collaborative usability inspection (Rubin and Chisnell, 2008) .
• User test methods: Usability testing or the user test methods employ techniques to collect data while representative users use the product to perform representative tasks. These tasks may be either formal in nature, where actual experiments are conducted to accept/reject a hypothesis. In other cases, an iterative cycle of tests can be conducted to identify the usability deficiencies and gradually improve the concerned product (Rubin and Chisnell, 2008) . Test methods such as card sorting, thinking aloud, questionnaires, interviews, task analysis, usability tests, and focus groups are widely used to gauge the user satisfaction and opinion about the features of a website. Task analysis means learning about your users' goals -what they want to do at a website, and the users' ways of working. Task analysis can also mean figuring out what more specific tasks users must do to meet those goals and what steps they must take to accomplish those tasks. In a usability test, representative users try to do typical tasks with the product, while observers, including the development staff, watch, listen, and take notes.
Web factors
Web factors include the information that the web designers use to improve a website. A web interface is a mix of web elements such as text, links, and graphics. There are many features that affect these elements and thus, the overall quality of a website. Ivory (2001) recognised 157 of these features and organised them into general classes. These classes include metrics for text elements, link elements, graphic elements, text formatting, link formatting, graphic formatting, page formatting, page function, and page performance. In this research, we focus on the text formatting class. The features identified in this class include body text emphasis, underlined text, font styles and sizes, text colours, the number of times the text is re-positioned on the page, and how the text areas are highlighted. We discuss the background on three specific measures: colour count, font size, and italics on web usability since they are directly related to our research.
Font size
The role of font size on web usability is widely reported in literature (Bernard and Mills, 2000; Flanders and Willis, 1998; Ivory and Hearst, 2002; Nielsen, 1999; Schriver, 1997) . Bernard et al. (2001a Bernard et al. ( , 2001b ) studied the legibility, reading time, and general font preference for two types of fonts: serif and sans serif. They evaluated font sizes 12-and 14-point for older adults (age range from 63 to 82 years). They developed eight passages with an average of 683 words per passage. Participants were positioned at a fixed distance from the computer screen and were asked to find the incorrect words in the passages and rank the fonts for general preference. Font size 14 points was preferred over 12 points for its legibility and enhanced reading. They also observed that serif fonts were preferable to the sans serif fonts. Bernard et al. (2002) conducted a similar experiment for font sizes 10, 12, and 14 points. The average age of the participants was 24 years. They determined that 12-point size was preferred over ten-and 14-point sizes. The findings were in agreement with the recommendation given by Nielsen for the usage of 12-point font for web pages (Nielsen, 1999) . Ivory and Hearst classified web pages as good, average, and poor based on the ratings given by judges of the Webby Awards (Ivory and Hearst, 2002; Webby Awards, 2009 ). They then developed profiles for good, average and poor pages by computing the 157 web factors for the rated sites. It was found that for a content page to be good, font sizes greater than nine-point should be used. Flanders and Willis (1998) and Schriver (1997) also reported that font sizes greater than nine-point should be used. Boyarski et al. (1998) examined the readability and subjective preferences of Verdana font against Verdana Italic for screen display. They developed eight passages and performed a reading comprehension test. In the comprehension test, the subjects' response time and performance were recorded. The subjects' response on survey questions was used to understand the subjects' performance on the fonts. The study concluded that the readers preferred Verdana over Verdana Italic. Hill and Scharff (1997) investigated the effects of italicised and plain word styles on readability of websites. In their study, the participants scanned a screen of text to find words that described a target shape. Once they found the target word, they clicked on the corresponding shape at the bottom of the screen. The response times were collected for this activity. They found that the response to plain text was faster than italicised text. Flanders and Willis (1998) suggest that italics should be sparsely used in web pages. They also suggest that bold style of fonts should be used for text emphasis. Ivory and Hearst inspected 'good' web pages and identified that they rarely contained italicised words (Ivory and Hearst, 2002) .
Italics

Colour count
Brady and Phillips studied the role of aesthetics in website usability (Brady and Phillips, 2003) . In their study, the participants were shown four sites and asked to complete five search tasks with answers located at various levels within the site. Later, they were also asked to do a user satisfaction survey and to rate the sites based on perceived usability and overall aesthetic appeal by showing them the screen shots of the four sites. They found that there was no statistical difference in user satisfaction between the four sites and sites with triadic colour scheme were rated high. Hill and Scharff (1997) investigated the effects of six foreground/background colour combinations. They found that the participants responded quickly for a median colour contrast combination (green and yellow had the fastest response time) which was in support of Powell (1990) , who suggested avoiding sharp contrasts. Flanders and Willis (1998) suggest using contrasting text and background colours. They also recommend minimising the number of text colours as the mixing of colours confuses the user. Therefore, web designers should be conservative when using colours for text. Ivory and Hearst identified that 'good' web pages generally have one to three different colours for body text (Ivory and Hearst, 2002) .
The Webby Awards judging process
The Webby Awards, also known as 'Oscars of the internet', are organised by the International Academy of Digital Arts and Sciences. The 12th Webby Awards received a record 10,000 entries from sites in more than 60 countries (Webby Awards, 2009 ). The Webby Awards judging process is a three stage process: review, nomination, and final.
Anyone can nominate any site to the review stage (10,000 sites were nominated in 2008). The judges ( > 100) filter this list to a smaller number of sites based on the overall experience and five other judging criteria. Out of these candidates, judges select one winner for each category: 70 categories were considered in 2006. Judges rate websites based on six criteria: content, structure and navigation, visual design, functionality, interactivity, and overall experience. In our work, we have used two of the judging criteria: structure and navigation and overall experience to develop the questionnaire for the survey.
Bloom's taxonomy
Bloom developed the taxonomy of educational standards to characterise the level of difficulty and abstraction for tasks performed by learners (Anderson and Sosniak, 1994) . The scheme attempts to divide cognitive objectives into six subdivisions ranging from the simplest to the most complex. This classification is widely used in educational and learning research and is used in this research to develop tasks of different complexity. The six tasks in the classification are enumerated as knowledge tasks, comprehension, application, analysis, synthesis, and evaluation. Knowledge tasks involve memory and recall of previously learned material. Comprehension is defined as the ability to grasp the meaning of material. Application is the ability to use learned material in a new situation. Analysis refers to the ability to break down material into its component parts so that its organisational structure may be understood. Synthesis refers to the ability to put parts together to create a new, possibly complex, object. Evaluation is concerned with the ability to judge the value of material (statement, novel, poem, research report) for a given purpose.
Research methodology
In this section, we describe the experiments performed to test the effects of three web factors that affect the usability of a content page: font size, italics, and colour count. We designed nine web pages with three different values for each of those factors. One of the values for each factor is based on the optimal values as reported in the literature. The other two values were chosen to be slightly lower and slightly higher than the optimal value. Each of these web pages had only one different value of a factor with the other two factors kept constant. We developed a set of hypotheses to compare the usability of these pages with different values of factors. To verify these hypotheses, we performed a study using human subjects. In the study, a set of subjects were asked to view a page and then to perform a set of tasks based on the page. The subjects were also given a survey questionnaire to express their view on the web page. Performance on the tasks is used to determine the effectiveness and efficiency of the page, while satisfaction is measured using analysis of the responses to the questionnaire. To provide greater resolution, the tasks were further classified using Bloom's Taxonomy (Anderson and Sosniak, 1994) . We used only three classes from the taxonomy in our study (knowledge, analysis, and comprehension). The questionnaire was also organised into four classes: ease of use, likeability, structure, and overall experience.
Hypotheses
We developed a set of hypotheses to systematically study the effect of the factors that influence the usability of a page. We denote these hypotheses as H f for font size, H t for italics, and H c for colour count. Each hypothesis further consists of three sub-hypotheses that contain specific details about the three components of usability (effectiveness, efficiency, and satisfaction). Thus, the hypothesis for font size is expressed as:
, ,
, and H f,s are the sub-hypotheses relating to the effectiveness, efficiency, and satisfaction for the font size, respectively. Similarly, , and H c,s are the sub-hypotheses relating to effectiveness, efficiency, and satisfaction for the colour count pages, respectively. Each of these sets contains three hypotheses that compare the effect of the treatment variables on the usability of a page. The details of the hypotheses and development of pages for the same are described in Section 3.3.
Participants
We recruited 180 subjects to participate in the current study to examine the usability of the nine web pages specifically designed for this study. These subjects were young adults (at least 19 years of age) enrolled in courses offered by the Department of Psychology at the University of Nebraska. The participants were recruited using the Department of Psychology's Experimetrix web-based signup system. Students received course extra credit and completed the study in small groups of three to ten students over a period of three weeks. Each student was given a separate web page on a computer screen in a laboratory setting.
Development of web pages
As described above, this study focuses on three factors that affect the usability of a web page: font size, italics, and colour count. These factors are deemed to be among the most important (Ivory, 2001) . We developed nine separate web pages to measure the effect of these factors on web usability. The content in all the nine web pages was the same; each page contained information about course requirements for psychology majors. Each page consisted of 315 words of text in addition to the header information about the university and the department. In each case, the usability of the page is measured using the metrics of effectiveness, efficiency, and satisfaction, separately. Therefore, there are a total of nine hypotheses for each of the factors. Next, we will discuss the details of our hypotheses on each of the factors.
Font size
Previous research results (Bernard et al., 2002; Ivory and Hearst, 2002) have indicated that a font size of 12 points is best suited for web pages. For users over age 65, it may be better to use at least 14-point fonts. We designed three web pages with font size of 9-, 12-and 14-point sizes. Table 1 shows sample text from the three web pages. We developed a set of hypothesis (H f ) to perform pair-wise comparison of the usability of these three pages:
1 pf(12 pt) > pf(9 pt): performance of subjects using the page with 12-point font is higher than that of subjects using the page with nine-point font 2 pf(12 pt) > pf(14 pt): performance of subjects using the page with 12-point font is higher than that of subjects using the page with 14-point font 3 pf(14 pt) > pf(9 pt): performance of subjects using the page with 14-point font is higher than that of subjects using the page with nine-point font.
Italics
Flanders and Willis (1998) have determined that short italicised phrases are preferred by users. We designed three web pages with no italics (web page with no text italicised), moderate italics (web page with short phrases italicised; about 11 percent of the total characters in the page were italicised), and high italics (web pages with italicised sentences; about 37 percent of the total characters in the page were italicised). Figure 1 shows sample text from these web pages. 
We developed a set of hypothesis (H t ) to perform pair-wise comparison of the usability of these three pages: 4 pf(moderate italics) > pf(no italics): performance of subjects using the page with moderate italics is higher than that of subjects using the page with no italics 5 pf(moderate italics) > pf(high italics): performance of subjects using the page with moderate italics is higher than that of subjects using the page with high italics 6 pf(no italics) > pf(high italics): performance of subjects using the page with no italics is higher than that of subjects using the page with high italics.
Colour count
Ivory and Hearst have indicated that a web page looks better when it contains up to three colours (Ivory and Hearst, 2002) . We developed three web pages with colour counts of one, four, and six colours (Figure 2 ). 
The set of hypothesis (H c ) to perform pair-wise comparison of the usability of these three pages are: 7 pf(one colour count) > pf(four colour count): performance of subjects using the page with colour count of one is higher than that of subjects using the page with colour count of four 8 pf(one colour count) > pf(six colour count): performance of subjects using the page with colour count of one is higher than that of subjects using the page with colour count of six 9 pf(four colour count) > pf(six colour count): performance of subjects using the page with colour count of four is higher than that of subjects using the page with colour count of six.
Instruments to measure usability
We developed two instruments to measure the usability of a web page along three different dimensions: effectiveness, efficiency, and satisfaction. We developed a set of tasks to be performed by the subjects after viewing a web page. The accuracy of the subjects in performing the tasks is used as a measure of effectiveness of the page. The time taken to perform the tasks is used as a gauge of efficiency. We also developed a survey instrument to measure the satisfaction dimension of the page. The two instruments are explained in detail next.
Tasks
It is a known fact that most of the web users skim the text of the content. Therefore, it is important for the content of a web page to be designed in such a way that users can acquire knowledge, and understand and be able to break down the information into smaller parts in a speedy manner (Nielsen, 1999) . We developed a set of six tasks to find the effect of web factors on effectiveness and efficiency. The subjects' performances on these tasks were accounted as the measure of effectiveness. The time taken to answer these tasks was recorded to measure efficiency. The list of tasks is shown in Table 2 . We further grouped the tasks into three Bloom categories (knowledge, comprehension, and analysis). The main goal was to understand the effect of the measures at greater resolution. Questions 1 and 2 are knowledge level tasks; Questions 5 and 6 are comprehension tasks; Questions 3 and 4 are analysis tasks.
Survey questionnaire
We developed a survey instrument consisting of ten questions to measure the satisfaction component of usability. The participants were asked to respond using a seven-point Likert scale (1 = strongly agree to 7 = strongly disagree). We grouped the questions into four sub categories to derive deeper understanding of satisfaction; the four categories are enumerated as: ease of use, likeability, structure and overall experience.
• Ease of use: Ease of use is a measure of web usability. We use three questions to asses this component. The mean response to the questions is used to measure this component. The questions used to derive this are: 1 I can easily find the requirements for the major in psychology. 2 The tasks I was asked to do were easy to complete. 3 The page is easy to understand.
• Likeability: Likeability measures how much the users like the web page. This is important to know because it is a yardstick to know the impression the user is going to have about the web page. We used two questions to assess likeability. Participants responded on a seven-point Likert scale. The questions used to derive likeability are: 1 The page is visually appealing. 2 I liked using this page.
The next two sub categories are two of the six criteria mentioned in the Webby awards judging criteria used to rank a web page.
• Structure: Structure refers to the framework of the page and the organisation of the content. We used two questions to assess structure. Participants responded on a seven-point Likert scale. The questions used to derive structure are: 1 There is nothing distracting in the content of the web page. 2 The information in this page is organised well.
• Overall experience: Overall experience covers all the other five categories of the Webby awards judging criteria as a whole and also includes other subtle experiences that make one stay on, or leave, a web page. Three questions assessed overall experience. The questions are: 1 I would recommend this page to other psychology majors. 2 I will come back to this page when I need information about requirement for the major in psychology. 3 I would bookmark this page.
Procedure
The experimental procedure consisted of viewing a web page by a subject followed by providing some responses. Each user was given one of the nine web pages designed for this study. In the beginning of the actual experiment, the subjects were told about the three different web pages (instructions page, content page, and the questions page) displayed on the computer screen.
The content page was displayed on a computer screen such that the whole page was visible without any scrolling. Next, the subject was asked to read the content page and then perform a set of tasks based on the contents of the page. The page was available until the user had finished completing the tasks and answered all questions on the survey. The tasks were assigned one at a time. They were also given the freedom to move back and forth between the web pages while they answered the questions. There was no time limit to answer the questions; the subjects could take their own time to complete. On an average, a student took 10 to 15 minutes to complete all the tasks. A total of 180 subjects participated in the experiment. All the participants were students taking courses in psychology at the University of Nebraska.
Data collection
We developed a software tool to collect student responses for our experiment, using asp.net, C# and SQL Server 2005. The tool consists of a a user interface b an application logic module c a database.
The user interface shows the tasks and survey questionnaire to the subject at the client side browser. The application logic module handles the calculation of response time for the tasks using the time stamps for the response and page load events. The database stores the subject responses for the tasks and questionnaire at the server. For each task, we keep the actual responses as well as the time taken to complete the tasks. For the survey questions we only keep the responses.
Analysis plan
As described before, we have a total of nine student groups based on the nine web pages derived for different values for the web factors. Our goal is to determine if there is any difference in the performance among the participants who use different web pages. We use three measures to determine the performance of the page: effectiveness, efficiency and satisfaction.
• Effectiveness: The goal here was to determine which page(s) had the highest effectiveness. To determine this, we compared the performance of the subjects using pairs of web pages with different values of the same web factor. In addition, we compared the effectiveness for tasks at different levels of Bloom's taxonomy. Performance of a subject was determined by the number of correctly answered tasks. For each pair of values for a given web factor, we have two sets of scores from subjects, one for each value of the factor (e.g., one for nine-point font and one for 12-point). Using a standard chi-square test, we determine the χ 2 value, degrees of freedom, and the p-value. If the computed p-value was < 0.05, the results were deemed significant.
• Efficiency: The goal here was to determine which type of page(s) had the highest efficiency. We determine this by comparing the response time of the subjects using pairs of web pages with different values of the same web factor. In addition, we compared the efficiency for tasks at different levels of Bloom's taxonomy. For each pair of values for a given web factor, we have two sets of response time from subjects, one for each value of the factor (e.g., one for no italics and one for high italics). Given the significance level, the degree of freedom, and the t-value, we can conclude if the difference between the means for the two groups is significant.
• Satisfaction: The goal here was to determine the subjects' view of which page(s) provided the highest satisfaction. To determine this, we compared the performance of the subjects using pairs of web pages with different values of the same web factor. Satisfaction of a subject was determined by the higher rating for the questionnaire. As in efficiency, the t-test was used to determine the page(s) with highest satisfaction ratings.
Results and analysis
In this section, we present the results of our experiments to determine the impact of the three factors on the three dimensions of web usability: effectiveness, efficiency, and satisfaction. The effect of font size, italics, and colour count on effectiveness is described in Section 4.1. Using statistical analysis, we have analysed the performance of participants on knowledge, analysis, and comprehension tasks. Section 4.2 discusses the results of the effect of web factors on efficiency. The response time to complete the tasks is used for this purpose. Section 4.3 presents the results for satisfaction using the response to the survey questions. We summarise all our results and provide a discussion in Section 4.4. It should be noted that Task 4 was phrased ambiguously for the subjects and hence, is not considered for any analysis. Table 3 summarises the results of the chi-square test on the subjects' performance on the tasks (Section 3.7) for web pages with differing values of font size, italics, and colour count. The table shows the web factors and the corresponding hypotheses for different task categories. The 'overall' column shows the significance of all categories put together. The table indicates the chi-square values of each task category for each hypothesis and whether the values are statistically significant (shown with '**') or not. A statistically significant chi-square value implies that the performance of the students vary with the variation of page type. Note: **Significant at p = 0.05 Table 4 gives a summary of task analysis of the different page types grouped by Bloom categories. The table shows the number of subjects who were exposed to different page types and the number of questions they answered correctly in each category. The table shows that each page type was shown to around 20 subjects. We can see that the number of students who performed the tasks correctly was directly proportional to the complexity of the tasks (the order of complexity being knowledge, comprehension, and analysis). Of the 180 students who participated in the study, 152 students (84%) answered knowledge tasks correctly, 98 students (54%) answered comprehension tasks correctly, and 40 students (22%) answered analysis task correctly.
Effectiveness
• Font size: Table 3 shows that the font size for a web page has no statistically significant effect on the subjects' performance of knowledge, comprehension, and analysis tasks for a web page.
• Italics: Table 3 shows that italics has no effect on the subjects' performance of knowledge and comprehension tasks. However, there is a significant effect on the subjects' performance of the analysis tasks. Students viewing pages with no italics performed better than those viewing pages with moderate italics. In addition, students viewing pages with high italics (web page with a few complete sentences italicised) performed better than the students viewing pages with moderate italics.
• Colour count: Table 3 shows that colour count has no effect on the performance of the subjects for knowledge, comprehension, and analysis type tasks.
Efficiency
The efficiency of a page is measured by the time taken by the users to perform the tasks. We used the t-test to compare the performance of users for different treatments. Table 5 summarises the results for web pages with differing values of font size, italics, and colour count. The table shows the web factors, the corresponding hypotheses, and the t values for the task categories. A statistically significant t value implies that the response times of the subject groups vary with the variation of page type. Note: **Significant at p = 0.05
• Font size: Table 5 shows that the font size has no statistically significant effect on student response time on knowledge, comprehension, or analysis tasks for a webpage.
• Italics: From Table 5 , we can conclude that the italics has no statistically significant effect on the students' response time on knowledge, comprehension, or analysis tasks for a webpage.
• Colour count: Table 5 indicates that the colour count has no statistically significant effect on the students' response time on knowledge, comprehension, or analysis tasks for a webpage. 
Satisfaction
We used a survey instrument to measure the effect of web measures on the satisfaction dimension of usability. As described earlier, we used a set of questions organised into four different categories and asked the participants to respond using a seven-point Likert scale. We then used a t-test to compare the responses from users who received different treatments. Table 6 summarises the results for web pages with differing values of font size, italics and colour count. The statistically significant t values are shown with '**'. A significant t value indicates that there is a difference between the satisfaction levels of the subject groups.
• Font size: Table 6 shows that the font size has no statistically significant effect on the subjects' rating of likeability, ease of use, organisation, and overall experience for a web page.
• Italics: Table 6 shows that the amount of italics in a web page has no statistically significant effect on the subjects' web page rating of likeability, ease of use, organisation, and overall experience.
• Colour count: Table 6 shows that the colour count has no statistically significant effect on the subjects' rating of likeability and overall experience for a web page. However, colour count has significant effect on the subjects' rating of ease of use and organisation for a web page. Furthermore, students viewing pages with one colour rated the page higher in terms of organisation than students viewing the page with six colours. Table 7 shows the relation between the web factors and the web usability dimensions. A significant effect of the web factor on the dimension, indicated with a '√' and '×', shows that there is no significant effect. Table 7 shows that there is no statistically significant effect of font size on any of the three dimensions of usability: effectiveness, efficiency, and satisfaction. The results obtained in this study were in contrast to the results of some previous studies. The previous studies had indicated that the 12-point font is the best for web pages. Bernard et al. (2002) studied the comparison of font sizes 10, 12, and 14 by examining their differences in reading time, font attractiveness, and general preference. They found that the text with 12-point font was read faster than the text with ten-point font. Ivory et al. investigated the effect of fonts and found that a font size greater than nine-point was preferred . Table 4 shows that the number of correct answers given by participants viewing nine-point font was greater compared to the number of participants viewing 12-point and 14-point fonts. This means that the nine-point font may have significance in terms of readability, even though this result is not statistically significant. A detailed analysis that produces more correct answers for analysis tasks could bring out this effect. Table 6 shows that the t value (1.929) for nine-point font and 12-point font for overall experience (Q9) is marginally significant (p = 0.06 > 0.05). Participants viewing 12-point font (mean = 6.45) may have had a better experience compared to the participants viewing nine-point font (mean = 5.60), even though this result is not statistically significant. There is no statistically significant effect of italics on efficiency and satisfaction; however there is a significant effect of italics on effectiveness. For simple tasks, subjects have to spend less time while for a complex task, subjects need to spend comparatively more time. Students viewing moderate italics performed worse for complex tasks compared to students viewing both no italics and high italics. Subjects' performance was better when the page was not italicised and when the page was highly italicised (a few complete sentences italicised) but the subject did not perform well when the page was moderately italicised. This result did not match with the previous work (Flanders and Willis, 1998) . According to Flanders and Willis, a page with only a few words italicised is the ideal way of italicising. However, our results matched with the guideline given by Ivory that states that good web pages rarely use italics (Ivory, 2001) . As noted earlier, some authors italicised the whole page for their analysis. In this research, the high italics page has about 37% of the characters italicised and moderate italics page has only 11% of characters italicised.
Summary
There is no statistically significant effect of colour count on effectiveness and efficiency; however there is a significant effect of colour count on satisfaction. We found that the students viewing the web pages with only one colour found the web page easy to use and more organised compared to the one with more colours. Table 6 shows that the t-value (1.999) for colour count 1 and 4 for overall experience (Q9) is marginally significant (p = 0.053 > 0.05). Participants viewing the page with colour count of 1 (mean of 6.10) had a better experience compared to the participants viewing the page with colour count of 4 (mean of 5.40), even though this result is not statistically significant. Subjects' satisfaction was affected by the usage of colours, specifically for ease of use and organisation of the web page. Subjects were more satisfied when the page had only one colour compared to the pages with four or six colours. This matched with previous work (Flanders and Willis, 1998; Ivory et al., 2001 ) that proposed the minimisation of number of colours.
Overall, we found that the subjects performed better with web pages with no italics or high italics. We also identified that the students who viewed web pages with only one colour found them easy to use and more organised.
Summary and future work
In this research, we have studied the effect of three factors (font size, italics, and colour count) on the three dimensions of web usability (effectiveness, efficiency, and satisfaction) for simple and complex tasks. A set of young adults were shown web pages with different values of web factors. We developed a set of tasks to determine the effectiveness and efficiency of those web pages, while a survey instrument was used to measure satisfaction. Using statistical analysis, we computed the effect of the factors (font size, italics, and colour count) on effectiveness, efficiency, and satisfaction. Our research showed that for the population of subjects used in this study (young adults), the font size had no statistically significant effect on the performance, efficiency, and satisfaction. However, there was statistically significant effect due to the use of italics on the subjects' performance. Still, there was no statistically significant effect of italics on the subjects' efficiency and satisfaction. There was also a statistically significant effect of colour count on satisfaction but there was no statistically significant effect of colour count on the subjects' performance and efficiency.
Future work
The work done in this study can be extended in many directions. Additional web factors are listed in the literature, including text element measures (e.g., content percentage, navigation, and information quality), link element measures (e.g., text links, link graphics, and redundant links), graphic element measures (e.g., graphical ads, graphical links, and animation), page formatting measures (e.g., colour combinations, interactive elements, and layout quality), and page performance measures (e.g., page bytes and download speed). The effect of these measures on the performance of users can be studied to provide additional insights.
In this study, we used only undergraduate students who are currently enrolled in the psychology courses. The students are mostly young adults and hence, as a group our sample population is not representative of the general population. A more general study can be undertaken to determine the effect of the measures for other age groups and for all users. We did the experiment using only a content page. We can extend it for other kinds of pages like home, link, form, and other pages.
Using this research, one can develop an index that specifies the goodness of a page. This can then be integrated into a search engine. In this study, we used only a page with a small amount of content (315 words). This study can also be extended to pages with greater content.
